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ABSTRACT 
The effect of antidiuretic hormone on human eccrine sweating has been studied by 
numerous investigators, but the results are inconclusive. To test the hypothesis that this 
hormone can influence secretory rate by the sweat gland, the eccrine glands in the foot-
pads of the normally hydrated rat were used as a model system. It was found that a 
local subcutaneous injection of 20m Units of ADH per foot reduced the initial sweat rate 
by about 50%. Further, the duration of the secretory response was shortened sub-
stantially in the hormone's presence. odium concentrations in sweat of ADH-treated 
rats were significantly higher than those in control animals, but the total amounts ex-
creted were much less than control values. The hormone also affected sweat potassium 
concentrations, but much less dramatically. 
Experiments with an analog of ADH, Octapressin (PLV-2), indicated that ADH re-
duced sweat rate primarily because of its antidiuretic rather than its vasoconstrictive 
propertie . The injection of PL\ -2 in concentrations similar to ADH's vasoconstrictive 
acti' ity but less than its antidiuretic activity failed to reduce the secretory rate as much 
as did the parent compound. Sodium levels, too, were intermediate between those for 
control" and those under the influence of ADH. 
It i" concluded that ADH is capable of reducing sweat rate and increasing sweat 
sodium concentration. Total sweat sodium excretion, however, is less in the hormone's 
presence. The action of ADH appears to be a function of its water conserving charac-
terLtic rather than its vasoconstrictive property. 
Parallel functions between the kidney and 
the eccrine weat O'land periodically continue 
to invite the attention of investigators con-
cerned with extrarenal effects of antidiuretic 
hormone. To date, however, the role.. of ADH 
in weatinO' ha" been exami:ttEid onl~ for the 
human and the results are inconsistent. 
Amatruda and Welt ( 1) and Gibinski et al. 
(2) reported that pitres in altered neither the 
secretory rate of sweat nor its ionic campo i-
tion. Similarly, Pearcy et al. (3) could not 
demonstrate any change in sweat rate following 
injection of 10 units of the hormone. Although 
the experiment of Ladell and Whitcher ( 4) 
indicated that pituitrin had in fact reduced 
sweatinO', the author concluded that the effect 
was onlY a manifestation of the hormone's 
peripheral ya~ocon trictive capability. Hankis 
(5), howeYer, showed that a patient with 
diabete in ipidus secreted significantly les 
sweat after administration of 3-4 units of 
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pitre sin. Moreover, the concentrations of so-
dium and potassium in the patient's sweat were 
elevated, although the total amounts of these 
cation actually secreted were identical to 
contra~ values. Hankiss concluded that pitres in 
clearly exhibited a water-conserving effect on 
the skin. The validity of Hankiss' findings were 
conte ted by Ratner and Dob on on the basis 
that sweat had been collected from the palm 
and thus, the pos ibility of emotional stimuli 
interfering with sweating could not be excluded. 
From their own studies, Ratner and Dobson 
concluded that neither the inhibition of release 
of ADH nor the injection of 10 units of 
pitressin affected weat osmolality (6). Mo t 
recently, Fasciola et al. (7) presented experi-
ment in which the local subdermal injection 
of 0.16-80.0 mUnits of antidiuretic hormone 
reduced normal sweat rate by as much a 
50% while disproportionately increasing sodium 
concentration in the sweat. Furthermore, 
wherea Hanki s felt that sodium and potassium 
level in sweat were not influenced directly by 
ADH, Fasciola et al. interpreted their results 
to mean that ADH stimulates active reabsorp-
tion of sodium as well as water reabsorption. 
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The present studies were performed to assess 
the action of exogenous antidiuretic hormone on 
eccrine sweating in the laboratory rat. Data 
are presented which demonstrate that the 
sweat glands of the normally hydrated rat do 
indeed respond to exogeneous ADH, and that 
the response is not due solely to the hormone's 
pressor activity. 
MATERIALS AND METHODS 
Male Sprague-Dawley derived rats weighing be-
tween 2'00-280 grams were used in this study . The 
animals were housed under standard conditions of 
light, temperature and hu~dit:y and were per-
mitted access to a commercial d1et and tap water 
ad lib. until use. The methods for preparing the 
rats and for stimulating, collecting and analyzing 
the sweat from the tubercles of the hind feet have 
been described in detail previously ( 8). 
For the administration of experimental agents, 
the procedure was as follows: one hundred micro-
li te rs (100 tLl) of the test solution was slowly in-
jected subcutaneously into each foot with a Hamil-
ton Microliter Syringe (28 gauge needle). The de-
livery point of the solution was in the center of ~he 
plantar surface. Time. o! inje.ction w~s at I? mm-
utes prior to the admmistratwn of pilocarpme for 
sweat stimulation. 
Antidiuretic hormone was used in the form of 
aqueous pitressin1 . The antidiuretic hormone a~a-
• 2 1 . 8 log. octapressin (phenylalamne - ysme -vasopressm, 
or PLV -22 ) was made available similarly. Both 
agents were diluted t.o al?propri~te ~oncentration 
with physiological salme Immediately · before use . 
. ; J 
RESULTS 1 
N orrnal sweating. The parameters of normal, 
pilocarpine-stimulated sweating are pre ented 
in Table I. The alient features of the normal 
secretory pattern have been described previ-
ously (8). Briefly, the data in Table I indicate 
that sweat rate is highest at the end of the 
first collection period. For each collection period, 
the volume of sweat ecreted is less than that 
amount secreted during the previous period. 
This decline in the sweat rate with time is 
statistically significant for each interval (.vs. 
previous interval, p < 0.02, except for penod 
100 vs. 0 minutes, where p < 0.10). At 120 
minutes, four of the original 16 animals had 
topped sweating completely. Only two rats 
were still ,veating in visible quantities at 140 
minute . .A..B previously reported, the sodium 
1 Pitressin. P arke, Davis and Compan) , Detroit, 
Michigan. . 
2 Octapressin was a generous gift of Dr. R. Elton 
Sandoz Pharmaceuticals, Hanover, New Jersey. 
TABLE I 
The parameters of normal eccrine sweat secretion 
Time Rate* r a] [K] (minutes) (mg sweat (mEq/ l of sweat) (mEq/l of collected) sweat) 
20 (16)t (16) (16) 
6.2 ± 0.4 51.1 ± 2.2 138 ± 5 
40 (16) (16) (16) 
3.3 ± 0.4 39.4 ± 2.8 161 ± 12 
60 (16) (16) (15) 
2.0 ± 0.2 34.4 ± 3.2 165 ± 6 
80 (16) (15) (14) 
1.3 ± 0.2 30.7 ± 2.2 170 ± 6 
100 (16) (11) (10) 
0.9 ± 0.1 29.0 ± 2 .8 161 ± 11 
120 (16) -
-
0.4 ± 0.1 
* All t he sweat collected from the t ubercles of 
both hind feet of t he animal at 20-minute inter-
vals after secretion had begun was considered 
to be the rate for those intervals. 
t Numbers in parentheses represent number of 
determinations. Sixteen animals were used in this 
study. Where N < 16, sample volumes were in-
sufficient for cation analysis with methods em-
ployed , and data therefore are not necessarily 
representative of total population. All data are 
presented as mean± standard error. 
concentration [Na] is highest at the highest 
sweat rate. As the secretory rate decreases, 
the [N a] decreases concomitantly. This de-
crease in· [N a] is most distinct at 40 minutes 
(vs. previous i:q.te.rval p < 0.005). The dif-
ferences between sodium levels for consecutive 
later periods is not significant, although the 
overall trend appears downward. For some 
individual analy es, where it was possible to 
analyze [Na] at very low secretory rates, the 
odium value was frequently less than 20 
mEq/1. Our data for the potassium concentra-
tion [K] of rat eccrine sweat confirm our 
original observation (8) and agree with those 
of Brusilow et al. (9). The exceedingly high 
concentration of this cation at 20 minutes 
(138 mEq/1) rises still higher at the next 
collection period (0.05 < p < 0.10) but 
stabilizes thereafter. 
Sweat parameters after injection of physio-
logical saline . As indicated by the data in 
Table II, the injection of 100 ~-tl of 0.9% NaCl 
into each foot at 15 minutes prior to pilocarpine 
administration does not markedly alter the 
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TABLE II 
The parameters of ecc1·ine sweating after injecting 
0.9 0 aCl* 
Time Rate ~Na] [K] (mg sweat (mEq/1 of (minutes) collected) (mEq/ of sweat) sweat) 
20 (13) (12) (12) 
6.3 ± 0.4 51.7 ± 2.5 142 ± 2 
40 (13) (13) (13) 
3.3 ± 0.2 35.0 ± 2.4 162 ± 5 
60 (13) (13) (13) 
2.2 ± 0 .2 31.6 ± 3.6 165 ± 7 
80 (13) (13) (13) 
1.5 ± 0.2 35.5 ± 4.2 173 ± 9 
100 (13) (12) (12) 
1.4 ± 0 .2 29 .6 ± 2.9 171 '± 5 
120 (13) (6) (5) 
0 .8 ± 0.2 21.8 ± 1.5 168 ± 11 
140 (13) - -
0.4 ± 0 .2 
* Thirteen animals were used m this study. 
Footnotes of Table I apply. 
normal sweat parameters described in Table I. 
There is no significant difference in the secre-
tory rate between the uninjected group and 
the saline-injected group through the first 80 
minutes. At 100 minutes, however, the saline-
injected group is sweating at a higher rate 
(0.02 < p < 0.05). The tendency for saline-
injected rats to sweat at a somewhat greater 
rate than untreated rats appears at about 1 
hour after secretion starts, and essentially, 
exaggerates the duration of the saline-group 
TABLE III 
The effect of inj ecting 20 rnUni ts P i tressin per foot 
on eccri ne sweating* 
Time Rate [ a] [K] (minutes) (mg sweat (mEq/ 1 of sweat) (mEq/ 1 of collected) sweat) 
20 (12) (11) (11) 
3. 1 ± 0.2 65 .3 ± 2.8 152 ± 2 
40 (12) ( ) (8) 
1.2 ± 0 .2 62. ± 5 .3 166 ± 4 
60 (12) (9) (8) 
1.1 ± 0.2 47 .6 ± 5.8 17 ± 10 
80 (12) (6) (6) 
0 .8 ± 0.2 36.9 ± 3.6 183 ± 6 
*Twelve animals were used in this study. Foot-
notes of Table I apply. 
sweating course by 20 minutes. Two animals 
were still sweating slightly at 160 minutes. 
Since ion concentrations in rat sweat appear to 
depend on the secretory rate, a comparison 
of the values for [Na] and [K] at corresponding 
time intervals between the uninjected group 
and the saline-injected group in not strictly 
valid because of the slight rate discrepancies 
between the two groups. However, both the cat-
ion concentrations and the trends these con-
centrations exhibit with time closely agree 
with each other. 
Effect of pitressin on sweat parameters. The 
secretory pattern of _€l.CC{,ine sweating beginning 
fifteen minutes after· the Jpjection of 20 mUnits 
pitressin per foot is iridicated in Table III. 
The most distinguishing 'fe~ture of weating in 
the ADH-treated rat is the greatly reduced 
secretory rate. At the first collection period, 
only half the normal sweat rate in observed. 
Moreover, whereas sweating began within a 
minute or two after pilocarpine stimulation in 
the uninjected or saline-injected animals, the 
injection of pitressin delays the onset of secre-
tion by 4-8 minutes. (Note that if sweat 
collection periods were measured from the time 
of pilocarpine stimulation rather than from the 
actual time of initial weat ecretion, the 
secretory rate probably would be still lower.) 
The length of time during which secretion 
continues is also greatly curtailed. At 100 
minutes, only 4 of the original 12 rats still 
were sweating in visible amount . Secretory 
activity by all rat had ceased entirely at 120 
minutes. Cation concentration.'"' in sweat of 
pitre sin-injected rats are quite different from 
those of control animals. Although the [Na] 
is again highest at the highe t flow rate, all 
concentration of this ion throughout the 
course of secretion are much higher than com-
parable control values. However, since sweat 
rate for the pitressin-injected group is so re-
duced, the total amounts of odium actually 
excreted are sub tantially lower. For example, 
wherea saline-injected rats deliYered approxi-
mately 7.5 tJ-g Na at 20 minutes, the ADH-
t re.ated group excreted only about 4.7 f.Lg N a. 
The [K]'s in sweat of pitressin-injected rats 
are also higher than those for the control 
animals. Again however, because of the de-
pressed sweat rate, lower total amounts of this 
ion are excreted. 
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Effect of octapressin ( P LV -2) on sweat 
parameters. The data presented above demon-
strate that exogenous pitressin reduces secretory 
rate and total cation output of sweat in 
normally hydrated rats. However, whether the 
reduced rate is caused by ADH's vasocon-
strictive properties or by its antidiuretic 
activity is unresolved. To investigate further 
the origin of ADH' secretion-reducing capacity, 
the effect of octapre ·sin (PLV-2) on sweat 
parameter was studied (Table IV). The ex-
pectation that PLV -2 would help elucidate the 
mechani m of ADH action was based on the 
consideration that, wherea the ratio of va a-
constrictive to antidiuretic activity (VI A) for 
pitres in i unity, the VI A for octapressin ha 
been reported as 2.4-2.7 (10). ince t he assay 
procedure for both t~e e peptide ·i based on 
their pre$M>r ~t:lifity'; then a given dose of 
octapressin will have vasocon trictive activity 
identical to the same dose of pitrec·sin but it 
will have onl about 40% of pitre in 's anti-
diuretic activity. Accordingly, if the sweat 
gland is respon ive mainly to antidiuretic 
activity, administration of 20 mUnits octapreM-
in should not reduce secretory rate as much 
as the same do e of pitre sin. The data in 
Table IV confirm this hypothesis. Unquestion-
ably, the sweat rate after octapre in injection 
i ubstantially lower than the rate for the 
control group . However, t he weat rate of the 
octapres in-injected o-roup at the end of the 
fir t 20 minute~ i ~ significantly higher (p < 0.05) 
than the rate ob erved for the comparable 
period when ADH had been admini tered. 
Also, the delay in the start of sweatino- seen 
in the pitre sin-treated group wa not so 
evident in the octapressin group. The length 
of the ecretory period i considerably longer 
for octapressin-treated rat , with seven of the 
original ten animal till sweating at 140 
minutes. Both the [N a]' and [K]' of weat and 
the actual amount of these ions reaching the 
skin surface are, like the weat rate, inter-
mediate in value between those of the control 
and the pitressin-treated groups. 
The data in Table V present additional evi-
dence that the lowering of sweat rate is a 
function of the amount of antidiuretic activity 
of the agent administered. With increasing 
concentrations of either pitressin or octapressin, 
the secretory rate decreases accordingly. The 
TABLE IV 
The effect of injecting 20 mUnils OctapTessin per 
fool on eccTine sweating* 
Time Rate [ a] [K] (minutes) (mg sweat (m.Eq/ 1 of sweat) (mEq/1 of collected) sweat) 
20 (10) (9) (9) 
3.9 ± 0.3 61.4 ± 2.2 141 ± 3 
40 (10) (9) (10) 
1.7 ± 0 .2 47.0 ± 4.4 164 ± 8 
60 (10) (9) (10) 
1.3 ± 0 .2 33.3 ± 3.5 160 ± 8 
80 (10) (8) (8) 
1.1 ± 0.2 35.3 ± 2. 7 174 ± 5 
100 (10) (5) (6) 
0.7 ± 0.2 25.1 ± 0 .7 169 ± 11 
1'20 (10) (5) (5) 
' rf.s ± 0.2 23 .0 ± 2.2 182 ± 11 
140 (10) ?. -
-
0.4 ± 0.2 
* Ten animals were used in this study. Foot -
notes of Table I apply. 
[Na]' a1 o appear to depend on antidiuretic 
activity. The results for the equivalent anti-
diuretic concentrations of 20 m Units of pitres-
sin and 50 mUnits of octapressin are particu-
larly strong evidence for refuting va ocon tric-
tion as the prime cau e of sweat inhibition. 
Although 50 mUnits of PLV-2 contains ap-
proximately 2Y2 times as much pressor activity 
TABLE V 
C01nparison of sweat parameters (first 20 minutes) 
after injecting various concenlmtions of 
Pitressin and Octapressin* 
~ 
Ul 
I §·~ Rate [Na] [K] 
Agent ~h:p (mg sweat (mEq/ 1 of (mEq/1 of U«l8 § ~'-' collected) sweat) sweat) 
u 
ADR 5 (12) (12) (12) 
4.3 ± 0.5 56.9 ± 3.0 156 ± 5 
10 (17) (17) (17) 
3.9 ± 0.3 59.0 ± 2.0 144 ± 4 
20 (12) (11) (11) 
3.1 ± 0.2 65.3 ± 2.8 152 ± 2 
PLV-2 20 (10) (9) (9) 
3.9 ± 0.3 61.4 ± 2.2 141 ± 3 
50 (11) (11) (11) 
2.9 ± 0.3 66.6 ± 5.7 145 ± 6 
* Footnotes of Table I apply. 
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as 20 m Units of ADH, approximately the same 
degree of antidiuretic activity is present in each 
dose. The sweat rates observed in these two ex-
periments are statistically indistinguishable. 
DISCUSSION 
The data presented demonstrate that the 
local injection of antidiuretic hormone s~b­
stantially reduces the magnitude and duratwn 
of the pilocarpine stimulated eccrine sweat 
response in normally hydrated rats. The [Na] 
of sweat from ADH-treated rats is higher than 
that for control animals at comparable times 
during the secretory period, but the total 
amount of sodium excreted by the experimental 
group is le s. The profile of [K] ex~retion 
exhibits similar tendencies, but the shift of 
values for this ion is not as exaggerated as 
that for sodium. 
Several investigators have attempted, without 
uccess, to establish a role for ADH in human 
sweating (1-4, 6). Two reports, however, have 
communicated positive results for the effect of 
the hormone on sweat rate in man, but con-
.flict in their findings for ADH's influence on 
sweat sodium dispo ition. Hankiss (5) found 
that only ecretory rate was altered by pitressin 
administration. Fasciola et al. (7), on the other 
hand, reported an increase in sweat [Na] in 
the earlier tages of secretion, but a decrease 
in the actual amount of odium excreted during 
that time. Our results for the rat agree in 
general with those of Fasciola et al. for the 
human. Additionally, we have observed that 
ADH delays the onset of sweating in the rat 
by several minutes and reduces both the dura-
tion and the rate of the secretory response. 
To explain our observations for the effect of 
antidiuretic hormone on rat eccrine gland func-
tion, the principal activities of the hormone, 
vasoconstriction and enhanced cellular permea-
bility, must be considered. The possibility that 
sweat rate has been reduced because of ADH's 
va oconstrictive capacity appears to be sub-
stantially negated by our re ults for the 
hormone' analog, octapressin. We interpret the 
fact that octapressin failed to reduce secretory 
rate as much as did ADH to indicate that the 
permeability property of both polypeptides is 
the predominant factor in this system. The data 
for the octapressin ex-periments, however, do 
not positively exclude the possibility that some 
degree of anti-secretory vasoactivity may be 
present and further study is required before 
concluding that the vasoconstrictive action of 
either agent is totally without effect. 
If the mechanism of action of ADH on rat 
eccrine glands is comparable to the hormone's 
action on the distal tubules and collecting ducts 
of the kidney, then the presence of ADH wo~ld 
increa e the peremability of certain ductile 
regions of the sweat gland and thereby promote 
increased water reabsorption from sweat after 
it is elaborated by the secretory coil. The delay · 
in the appearance of sweat at the skin surface 
may be ascribed to the hormone being suffi-
ciently concentrated )ocally to cause reabsorp-
tion of all fluid initially secreted. The data 
suggest furthe~ that a point is reached at 
which secretory fll!lid is being fanned at a rate 
faster than ADH can effect its total· .reabsorp-
tion. The net effect of this new balance is a 
50% reduction in the actual amount of weat 
reaching the surface during the fir~t 20 minutes 
of secretion. Becau e the normal rate of secre-
tion decrease with time, the hormone might 
be further speculated to cau e the reab orption 
of a progre sively greater percentage of fluid 
until finally no ecretion at all appears at the 
surface. 
A necessary prerequisite for such antidiuretic 
activity is the appropriate sweat tonicity. Thus, 
if ADH i to influence the movement of water 
in the rat eccrine gland, sweat must be hypo-
tonic to plasma during some period between 
formation of the precursor fluid by the secretory 
coil and expulsion of the sweat to the surface. 
Because excreted sweat is decidedly hypertonic 
(perhaps in the order of 400 mOsm ), the pres-
ence of a segment of the rat gland in which 
sweat is hypotonic must be postulated. 
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